SPECIFICATION 

TITLE OF THE INVENTION 
Airbag Device for Pedestrian Protection 

The present application claims priority from Japanese 
Patent Application No. 2002-304416 of Sato et al., filed on 
October 18, 2002, the entirety of which is hereby incorporated 
into the present application by this reference. 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present invention relates to an airbag device for 
pedestrian protection which utilizes an airbag to cover 
predetermined portions of a vehicle upon deployment. 

2. DESCRIPTION OF RELATED ART 

In the prior art, Japanese Patent Laid-Open No. Hei 
6-239198 discloses an airbag device for pedestrian protection 
which prevents collision of a pedestrian with a vehicle by 
inflating an airbag in front of the vehicle. 

This airbag device for pedestrian protection protects 
a pedestrian by means of an airbag covering the front side of 
the vehicle from the vicinity of road surface. 

However, when a pedestrian collides with a vehicle, there 
are some cases in which the pedestrian firstly mounts on top 
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of the hood panel, and then falls down on road surface. The 
prior art has room for improvement in coping with those cases. 

SUMMARY OF THE INVENTION 

The present invention contemplates to solve the 
abovementioned problem, and therefore, it is an object of the 
present invention to provide an airbag device for pedestrian 
protection capable of preventing a pedestrian mounted on the 
hood panel from falling down on road surface. 

The airbag device for pedestrian protection according 
to the present invention is mountable on a motor vehicle with 
a hood panel, and includes an airbag inflatable in front of 
the vehicle. The inflated airbag is disposed between a 
pedestrian and the vehicle. The airbag includes a front cover 
portion for covering the front side of the vehicle, and two 
fall preventing portions for covering the vicinities of the 
left and right edges, respectively, of a top surface of the 
hood panel. The fall preventing portions are so projected 
upward as to prevent the pedestrian from falling down. The 
airbag may include one or more pieces of bags . 

In the airbag device for pedestrian protection according 
to the present invention, when the pedestrian mounts on top 
of the hood panel of the vehicle , the pedestrian firstly engages 
the front cover portion of the airbag, and then mounts on top 
of the hood panel while slowing down the relative velocity to 
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the vehicle. Subsequently, the pedestrian mounted on the hood 
panel is prone to fall down on road surface from the left or 
right edge of the hood panel. However, the pedestrian gets 
stuck by the fall preventing portions, and is restrained in 
an area between the fall preventing portions on top of the hood 
panel. Consequently, the pedestrian is prevented from falling 
down on road surface. This restraint by the fall preventing 
portions is performed smoothly since the relative velocity of 
the pedestrian to the vehicle has been slowed down by cushioning 
in the engagement of the pedestrian with the front cover portion . 

Even in a case the pedestrian does not mount on the hood 
panel, the pedestrian is properly protected, without directly 
colliding with the front side of the vehicle, since the front 
side of the vehicle is covered by the front cover portion of 
the airbag . 

Therefore, the airbag device for pedestrian protection 
according to the present invention is able to prevent a 
pedestrian mounted on the hood panel from falling down on road 
surface . 

The airbag desirably includes a cushion portion for 
covering the hood panel which is located between the left and 
right fall preventing portions and has lower height than the 
left andright f allpreventingportions . With this construction , 
the restraint of a pedestrian between the fall preventing 
portions is performed by the cushion portion, not the hood panel 



3 



itself. Accordingly, the pedestrian is protected by the 
cushioning property of the cushion portion. 

It is sufficient for the cushion portion to have cushioning 
property enough to restrain a pedestrian. Accordingly, the 
cushion portion does not necessarily have to be inflatable with 
inflation gas , but may be formed of an uninf latable sheet-shaped 
member. In this case, the sheet -shaped member is arranged to 
float over the hood panel so as to secure the cushioning property . 

Moreover, if the airbag is configured as a single piece 
including the front cover portion and the left and right fall 
preventing portions, the front cover portion and the left and 
right fall preventing portions are not easily separated. 
Consequently, even if a pedestrian engage toward the boundary 
of the front cover portion and the left and right fall preventing 
portions, the airbag is able to protect the pedestrian by 
preventing the pedestrian from directly bumping against the 
vehicle . 

Of course, the airbag may include more than one bags. 
If it includes three bags, for example, two bags out of the 
three are arranged so that the rear parts thereof may function 
as the left and right fall preventing portions and the front 
parts may function as left and right parts of the front cover 
portion. The remaining one bag constitutes a central portion 
of the front cover portion. 
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BRIEF DESCRIPTION OF DRAWINGS 

Fig . 1 is a schematic partial perspective view of a vehicle 
equipped with an embodiment of the airbag device for pedestrian 
protection according to the present invention; 

Fig. 2 is a schematic partial vertical section of the 
vehicle equipped with the airbag device for pedestrian 
protection of Fig, 1; 

Fig. 3 is a schematic front view of the airbag device 
for pedestrian protection of Fig. 1 mounted on the vehicle; 

Fig. 4 is a schematic partial perspective view of the 
vehicle of Fig. 1 upon airbag deployment; 

Fig. 5 is a schematic section of the airbag used in the 
airbag device for pedestrian protection of Fig. 1 in deployed 
condition, taken along line V-V of Fig. 4; 

Fig . 6 is a schematic partial perspective view of a vehicle 
showing another embodiment of the airbag device of the present 
invention upon airbag deployment; 

Fig. 7 is a schematic section of the airbag of Fig. 6, 
taken along line VII -VII of Fig. 6; 

Fig . 8 is a schematic partial perspective view of a vehicle 
showing still another embodiment of the airbag device of the 
present invention upon airbag deployment; 

Fig. 9 is a schematic section of the airbag of Fig. 8, 
taken along line IX- IX of Fig. 8; and 

Fig. 10 is a vertical section of yet another embodiment 
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of the airbag device of the present invention. 



DESCRIPTION OF PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention are 
described below with reference to the accompanying drawings. 
However, the invention is not limited to the embodiments 
disclosedherein . All modifications within the appended claims 
and equivalents relative thereto are intended to be encompassed 
in the scope of the claims. 

In this specification, front-rear direction is based on 
the front -rear direction of the vehicle, and left -right 
direction is based on the left -right direction of the vehicle 
as viewed from the rear side. 

Figs. 1 to 5 illustrate a first airbag device Ml for 
pedestrian protection according to the present invention. 
Referring to Fig. 1, the airbag device Ml includes an airbag 
11 housed in a front bumper 4 in the front side of a vehicle 
V, an inflator 18 for supplying inflation gas to the airbag 
11, a case 22 for housing the airbag 11 and the inflator 18, 
and a cover member 2 5 for covering the housed airbag 11. The 
airbag device Ml further includes a sensor and a control device, 
although they are not shown in the drawings . The sensor is 
located in the front bumper 4, for example, for detecting a 
pedestrian. The control device predicts a collision of the 
vehicle V with a pedestrian in response to a signal from the 
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sensor, and actuates the inflator 18. 

Referring to Fig. 2, the cover member 25 is constituted 
by an upper wall 4a of the front bumper 4, and includes a door 
26 to be pushed open by the airbag 11 inflated. The door 26 
is located in the upper wall 4a at the lower side of head lamps 
7 of the vehicle V, and includes a thin hinge line 27 toward 
the boundary of the upper wall 4a and the front wall 4b of the 
bumper 4. When opening, the door 26 is configured to break 
the adjoining portion with the bumper upper wall 4a in its left 
and right edges, and open forward of the vehicle V around the 
hinge line 27. 

The case 22 is made of metal such as a sheet metal, into 
an approximately rectangular parallelpiped box shape opened 
upward and having an approximately inverted-U shaped section. 
The case 22 includes a flange 23 extending downward. The flange 
23 is secured to the front side of the bumper reinforcement 
3 on the side of the body 1 by means of bolts and nuts, and 
thus the case 22 is mounted on the vehicle V along the 
reinforcement 3. The case 22, as mounted on the vehicle V, 
is covered toward the upper opening 22a by the door 2 6 of the 
cover member 25 in the front bumper upper wall 4a. As shown 
in Figs. 1 and 3, the case 22 has a transverse length slightly 
shorter than the distance between the left and right head lamps 
7 , and is located toward the transverse center of the vehicle 
V. A member 2 shown in Fig. 2 is a side member with the 
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reinforcement 3 joined to its front end. 

The inflator 18 is controlled by the not -shown control 
device as described above. The inflator 18 has a cylindrical 
shape with a plurality of gas discharge ports 18a, and is held 
by a plurality of annular mounting brackets 19 with bolts 19a 
projected therefrom. The inflator 18, as housed in the airbag 
11, is secured to the case 22 together with the airbag 11, by 
nut 20 fastening of the bolts 19a of the brackets 19 inserted 
through the airbag 11 and the case 22. 

As shown in Figs. 1 to 5 , the airbag 11 is folded and 
housed in the case 22 while housing the inflator 18 inside. 
The airbag 11 includes a front cover portion 12 and two fall 
preventing portions 13 and 14 protruding upward. In the 
completely inflated condition , the front cover portion 12 covers 
the front side of the vehicle V, and the fall preventing portions 
13 and 14 cover the vicinities of the left and right edges of 
the top surface of the hood panel 9, respectively, and prevent 
a pedestrian from falling down. In the foregoing embodiment, 
the front cover portion 12 covers the front side of the front 
grill 5 and the head lamps 7 up to the top surface of the front 
part of the hood panel 9, and further the front side of the 
front bumper 4 for housing the airbag 11. 

Referring to Fig. 4, the left and right fall preventing 
portions 13 and 14 are formed in a cylindrical shape extending 
rearward of the vehicle V from the vicinities of the left and 
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right edges of the upper end of the front cover portion 12. 
Between the fall preventing portions 13 and 14 , there is disposed 
a cushion portion 15 which inflates with inflow of inflation 
gas from the inflator 18. 

As shown in Fig. 5, the airbag 11 includes a base cloth 
16 and two tethers 17 disposed internally, both of which are 
made of flexible material. The base cloth 16 has an 
approximately rectangular bag shape. Each of the tethers 17 
extends along front -rear direction at the left or right side 
of the cushion portion 15, or in the boundary with the fall 
preventing portion 13 or 14. Each of the tethers 17 has a band 
shape, and is joined at both edges 17a in width direction to 
a wall 16a of the base cloth 16 toward the vehicle V and to 
a wall 16b toward a pedestrian. These tethers 17 help locate 
the cushion portion 15 on a lower level than the fall preventing 
portions 13 and 14. 

In the airbag device Ml for pedestrian protection as 
mounted on the vehicle V, when the inflator 18 is actuated by 
the not-shown control device to discharge inflation gas from 
the gas discharge ports 18a, the airbag 11 inflates to push 
and open the door 26 of the cover member 25, then the respective 
parts 12, 13, 14 and 15 completes inflation. 

At this time, when a pedestrian mounts on top of the hood 
panel 9 of the vehicle V, the pedestrian firstly engages the 
front cover portion 12 of the airbag 11, and then mounts on 
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top of the hood panel 9 while slowing down the relative velocity 
to the vehicle V. Subsequently, the pedestrian W mounted on 
the hood panel 9 is prone to fall down on road surface from 
the left edge 9a or the right edge 9b of the hood panel 9 . As 
shown in Fig. 5, however, the pedestrian W gets stuck by the 
fall preventing portion 13 or 14, and is restrained in an area 
between the fall preventing portions 13 and 14 on top of the 
hood panel 9 . Consequently, the pedestrian W is prevented from 
falling down on road surface. This restraint by the fall 
preventing portions 13 and 14 is performed smoothly since the 
relative velocity of the pedestrian W to the vehicle V is slowed 
down by cushioning in the engagement of the pedestrian W with 
the front cover portion 12. 

Even in a case the pedestrian W does not mount on the 
hood panel 9, the pedestrian W is properly protected, without 
directly colliding with the front side of the vehicle V, since 
the front side of the vehicle V is covered by the front cover 
portion 12 of the airbag 11. 

Therefore , the airbag device Ml for pedestrian protection 
according to the present invention is able to prevent a 
pedestrian W mounted on the hood panel 9 from falling down on 
road surface. 

Moreover, the airbag 11 in the foregoing embodiment 
includes a cushion portion 15 for covering the hood panel 9 
of the vehicle V which is located between the left and right 
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fall preventing portions 13 and 14, and has lower height than 
the fall preventing portions 13 and 14. This cushion portion 
15 , instead of the hood panel 9 itself , restrains the pedestrian 
W between the fall preventing portions 13 and 14 . Accordingly, 
the pedestrian W is protected by the cushioning property of 
the cushion portion 15. 

It is sufficient for the cushion portion 15 to have 
cushioning property enough to restrain a pedestrian. 
Accordingly, the cushion portion does not necessarily have to 
be inflatable with inflation gas, but may be configured like 
a cushion portion 35 in an airbag 31 shown in Figs. 6 and 7. 
In this airbag 3 1 , the cushion portion 3 5 is made of a sheet - shaped 
member which is not inflatable, and is joined at the front edge 
35a with the front cover portion 32, and at the left and right 
edges 35b and 35c with the left and right fall preventing portions 
33 and 34 . The airbag 31 as completely inflated is so configured 
that the cushion portion 35 may float over the hood panel 9. 
When the front cover portion 32 and the fall preventing portions 
33 and 34 of the airbag 31 complete inflation, a tension force 
is exerted to make the cushion portion 35 located above the 
hood panel 9. Accordingly, the pedestrian is restrained while 
being cushioned thereby. 

Instead of employing a single airbag as in the foregoing 
embodiment, the airbag device for pedestrian protection 
according to the present invention may employ two or three 
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airbags 51A, 51B and 51C as in a second airbag device M2 for 
pedestrian protection shown in Figs. 8 and 9. Alternatively, 
it may employ more than three airbags. 

The airbag device M2 for pedestrian protection shown in 
Figs. 8 and 9 includes an airbag 51A for covering the vicinity 
of the front side of a front grill, and airbags 51B and 51C 
for covering the vicinities of the front side of left and right 
head lamps 7 and the vicinities of the left and right edges 
9a and 9b of the top surface of the hood panel 9 . In this airbag 
device M2 , the airbag 51A and the front sides 51Ba and 51Ca 
of the airbags 51B and 51C constitute a front cover portion 
52 for covering the vehicle's front side. The rear side 51Bb 
of the airbag 51B constitutes a fall preventing portion 53 for 
covering toward the left edge 9a of the top surface of the hood 
panel 9, and the rear side 51Cb of the airbag 51C constitutes 
a fall preventing portion 54 for covering toward the right edge 
9b of the top surface of the hood panel 9 . 

These airbags 51A, 51B and 51C are housed in a predetermined 
case in the front bumper 4 while connected to an inflator for 
supplying inflation gas . The airbags 51A, 5 IB and 51C may share 
one inflator, or alternatively, each of the airbags may be 
connected to an inflator, respectively. 

However, in the airbag device Ml, the airbags 11 and 31 
are configured as a single piece including the front cover 
portions 12 and 32 and the left and right fall preventing portions 
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13, 14, 33 and 34, and therefore, the front cover portions 12 
and 32 and the left and right fall preventing portions 13, 14, 
33 and 34 are not easily separated. Consequently, even if a 
pedestrian engage toward the boundary of the front cover portions 
12 and 32 and the left and right fall preventing portions 13, 

14, 33 and 34, the airbags 11 and 31 are able to protect the 
pedestrian by preventing the pedestrian from directly bumping 
against the vehicle. 

In the preferred embodiments, the upper wall 4a of the 
front bumper 4 as an airbag cover 2 5 for covering the folded 
airbag 11 includes a door 26, and the door 26 is configured 
to open upon inflation of the airbag 11. However, as in a third 
airbag device M3 for pedestrian protection shown in Fig. 10, 
the front bumper upper wall 4a itself as the airbag cover 25 
may be moved together with the front bumper 4 . In the airbag 
device M3 , the bumper 4 shifts forward on predicting engagement 
with a pedestrian and before the engagement, by means of an 
actuator 6 such as a hydraulic cylinder, which is fixed to the 
bumper reinforcement 3 or the like, thereby opening the upper 
side of the folded airbag 11. 

Moreover, with respect to the vehicle V to be equipped 
with an airbag device for pedestrian protection, it will be 
appreciated that the vehicle lifts the hood panel 9 upon 
predicting engagement with a pedestrian, and utilizes the 
present invention together with plastic deformation of the hood 
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panel 9 itself and/or a shock-absorbing mechanism provided in 
the lifting mechanism, so as to protect the pedestrian. 
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